In an elaborate sequence of experiments, Bissonnette (1930, 1931, 1937) demonstrated a positive correlation between testicular growth in European Starlings (Sturnus vulgaris) and seasonally increasing photoperiods occurring during the winter and spring months in north temperate zone latitudes. These results eventually led to the classification of the starling as a primary photoperiodic species (Farner and Lewis 1971). Berger (1947) reported that spontaneous testicular growth does not occur during the autumn months in temperate zone latitudes because natural photoperiods at this time are too short. Berger also documented that the refractoriness of the reproductive systems to long photoperiods immediately following a testicular cycle is naturally dispelled by late November. In a later study, Berger (1953) induced partial reproductive development in nonrefractory starlings held under stable photophases as short as 8.5 h per day. However, 8.5-h photoperiods did not allow complete testicular development to the spermatozoa-producing stage during the 20 weeks of treatment.
In an elaborate sequence of experiments, Bissonnette (1930, 1931, 1937 ) demonstrated a positive correlation between testicular growth in European Starlings (Sturnus vulgaris) and seasonally increasing photoperiods occurring during the winter and spring months in north temperate zone latitudes. These results eventually led to the classification of the starling as a primary photoperiodic species (Farner and Lewis 1971). Berger (1947) reported that spontaneous testicular growth does not occur during the autumn months in temperate zone latitudes because natural photoperiods at this time are too short. Berger also documented that the refractoriness of the reproductive systems to long photoperiods immediately following a testicular cycle is naturally dispelled by late November. In a later study, Berger (1953) induced partial reproductive development in nonrefractory starlings held under stable photophases as short as 8.5 h per day. However, 8.5-h photoperiods did not allow complete testicular development to the spermatozoa-producing stage during the 20 weeks of treatment.
Recent data suggest that classifying the European Starling as a primary photoperiodic species may be somewhat misleading. (1) Although seasonal testicular metamorphosis in starlings under natural temperate zone photoperiods is correlated with increasing daily photophase durations, such photoperiod increases are unnecessary. Adult postinvolution starlings held under fixed photoperiods ranging from 1 to 11 h subsequently reach histologically verified reproductive condition (an abundance of spermatozoa in the seminiferous tubules) despite the absence of daily photostimula-' tion. (2) Photorefractory starlings chronically exposed to LD 10.5:13.5 and LD 11: 13 achieve and maintain reproductive condition for at least 15 months (Schwab 1970 with room-temperature air (23-28' C). Food (27% protein turkey pellets) and fresh water were provided ad libitum. One of the 10.bird groups was held until 19 June of the following year under a photoperiod regimen increasing two minutes per day. This daily rate of change approximates the average natural photoperiod increase from the winter to the summer solstice at Lat. 38"N and ultimately resulted in an increase from 9 to 15 h of light per day. The second lobird sample was maintained as above except that the photoperiod, rather than increasing each day, decreased at the rate of two minutes per day. Thus, birds in the second group ultimately experienced a photoperiod decrease from 9 to 3 h of daily light during the six-month experiment.
Measurements of the widths of the left testes of all birds were made at 20-day intervals following unilateral laparotomy, after the technique of Risser (1971). Standard histological preparation and examination of testicular tissue at various stages of development documents that testis width is a reliable indicator of spermatogenic condition in this species; spermatozoa are always present in the seminiferous tubules of testes with widths of 5.5 mm or greater (Schwab, unpubl. data).
RESULTS
Starlings held under the average rate of photoperiodic increase (2 min/day) characteristic of Lat. 38"N beginning 21 December and ending near the following summer solstice exhibited a testicular growth-involution cycle ( Starlings maintained under decreasing photoperiods achieved spermatogenic testis widths significantly sooner (P < 0.01, Student' s t-test, one-tailed) than those under the increasing photoperiod (Fig. 1) . The average time to spermatogenesis for these birds was 37 days (SE = 1.6, range = 30-49). All birds in this group maintained spermatogenesis (testis widths above 5.5 mm) during the remainder of the study-a duration of time sufficient for complete testicular involution in the starlings held under increasing photoperiods (Fig. l) If the starling reproductive system required external light stimulation of an internal photosensitive phase for the induction of gonadal metamorphosis, responses to decreasing photoperiods would be difficult to explain. Assuming that a photosensitive phase is properly timed for photic stimula-tion following the winter solstice, increasingly longer photoperiods should induce a faster reproductive response than daily photophases decreasing in length. Such was not the case. The daily decreasing light regimen actually induced or facilitated more rapid testicular growth than that occurring under naturally increasing photoperiods. Furthermore, these same decreasing photophases resulted in a substantial prolongation of the spermatogenic phase, whereas the naturally increasing photoperiods caused the completion of a testicular growth-involution cycle. possible that internal rather than external coincidence is operant in producing these results as well as the short-day responses presented herein. Pittendrigh (1960, 1972) has suggested that virtually all published results involving the photoperiodic induction of reproductive condition are explainable by invoking internal coincidence. Although it remains difficult to decipher the details implicit in such a control scheme, the possibility that internal oscillationsentrained, partially entrained, or free-running-are responsible for reproductive development should not be ruled out. 
